The response of net 02 exchange to light intensity by intact Anacystis nidulans cells in the presence of saturating NaHCO3 concentrations followed a curve with an inflection near the lightcompensation point. Addition of either KNO3 or NH4CI stimulated 02 uptake in the dark and at light intensities below the lightcompensation point. This resulted in steeper slopes of the curve calculated below and above the light-compensation point. At 02 concentrations limiting dark respiration, addition of inorganic nitrogen had no effect on either dark respiration or 02 exchange in the light. The apparent changes in photosynthetic yield observed under normal 02 concentration disappeared when respiration was limited by 02 availability, indicating that the effects of inorganic nitrogen on 02 exchange at low light intensities are due to stimulation of respiration rather than to increases in photosynthetic yield.
Studies with green and blue-green algae have provided evidence for the photosynthetic nature of nitrate assimilation, showing that illuminated suspensions of intact cells supplied with saturating concentrations of CO2 evolved 02 at a greater rate when nitrate was simultaneously present (7, 11, 16) . In Anacystis nidulans, the extent of the stimulation of 02 evolution induced by nitrate was dependent on light intensity, being maximal at saturating photon flux densities. It seemed clear that nitrate enhances the maximum rate of noncyclic electron transport attained when CO2 is the only electron acceptor available (1 1). These data, obtained at relatively high photon flux densities, were, however, insufficient to determine whether nitrate assimilation also affected the yield of photosynthesis, which should be determined at very low light intensities. This is not easy since at low photon fluxes, respiratory 02 uptake may interfere with net 02 exchange determinations, and further complications arise from the repeatedly observed fact that in algae nitrate and ammonium enhance the rates of respiration and carbohydrate degradation in the dark (2, 4, 9, 15, 19, 20 This study was undertaken to clarify the effects of nitrate and ammonium on 02 exchange at photon flux densities near the light compensation point. The results obtained support the idea that the main effects of inorganic nitrogen on 02 exchange at low light intensity are due to its stimulation of respiratory metabolism rather than to a change in photosynthetic yield.
MATERIALS AND METHODS

Organism and Culture Conditions
Anacystis nidulans (Synechococcus leopoliensis 1402-1 from the algal culture collection of Gottingen University, FRG) was grown photoautotrophically (200 ,uE m-2 s-', white fluorescent light) with nitrate as the sole nitrogen source (5) . Under these conditions the specific growth rate, referred as Chl content, was 0.14 h-'. Cells were harvested by filtration (Millipore HA 0.45 uM pore size) after 24 h growth (15) (16) (17) (18) (19) (20) ,g Chl mL-'), washed with 25 mM Tricine NaOH/KOH buffer (pH 8.3), and resuspended in the same buffer. Chl a was estimated after extraction with methanol using the extinction coefficient given in (8 20 ,umol Na-HCO3, and an amount of cells equivalent to 20 ,ug Chl. In its case, the assay medium was supplemented with 2 ymol of either KNO3 or NH4Cl. Every light-response curve was performed with the same cell suspension that was previously adapted to the dark. After dark respiration was monitored, light was switched on and its intensity was increased every 2 min, after registering the corresponding 02 exchange. The obtained values were referred to the surface of the sample 92.54 cm2) and time units (s).
To obtain low 02 concentrations, the cell suspensions were bubbled with a stream of N2:CO2 (95:5) for 20 min in the dark. This treatment decreases the normal 02 concentration (that corresponding to the dissolved air in the assay medium at 40C, about 0.2 mM) to a value of about 0.02 mm.
Light Intensity Measurements
All experiments were carried out in white light. Photosynthetically active photon flux densities were measured using a Skyes light meter with quantum sensor. Light absorbed by the cells was estimated, at every incident light intensity, as the light transmitted through the assay medium without cells (measured at the bottom of the sample) minus that transmitted through the cell suspension. These values, used for the 02 exchange versus light intensity plots, are an overestimate of the light absorbed by the cells since no correction has been made for lateral light scattering produced by the cells. Photon flux densities were referred to the surface of the sample (2.54 cm2) and expressed as photon fluxes (nE s-').
RESULTS AND DISCUSSION
The 02 exchange of intact A. nidulans cells in the presence ofsaturating CO2 concentrations showed a nonlinear response with respect to light intensity (Fig. IA) . Two slopes, the first corresponding to values of net 02 uptake, the second being defined by values of net 02 evolution, below and above the light-compensation point, respectively, could be estimated. This inflection in the curve identifies the existence ofthe Kok effect, i.e. the progressive inhibition of respiration by photosynthesis with increasing light intensity (6) . The inflection occurs in this case above the light-compensation point, a situation that usually happens when the CO2 concentration is high (10, 14) . The Kok effect in cyanobacteria has been reported and studied by several groups, the general idea being that it relies on the fact that the respiratory and the photosynthetic electron transport chains are closely linked and even share some of their components, such as the plastoquinone pool or the Cyt b/c complex (1, 3, 12, 13) .
When the cell suspension was supplemented with either nitrate (Fig. 1B) or ammonium, the inflection of the curve was exaggerated. Either nitrogen source stimulated the rate of 02 uptake both in the dark and at photon flux densities below the light-compensation point, which was also shifted to higher values. This resulted in an increase of the first slope of the biphasic 02 exchange versus light intensity curve. Above the light-compensation point, the slope was also steeper as a consequence ofan initial depression followed by a stimulation of the rate of net 02 evolution at higher photon flux values (Fig. 1B) . This is further illustrated by results in Table I . Nitrate and ammonium induced a stimulation of dark respiration of about 30 and 60%, respectively. Below the light compensation point, the slope of the curve increased about 35% in the presence of nitrate and about 25% in the presence of ammonium. Above the light-compensation point, the estimated slopes were also higher in the presence of a nitrogen source (20% for nitrate and 10% for ammonium), although the extent of this increase was less pronounced.
The observed increases in the slopes of the 02 exchange versus light intensity curve below the light compensation point induced by a nitrogen source seem attributable to the stimulatory effect of nitrogen on dark respiration. Difficulties arise, however, when interpreting the steepness in the slopes above the light-compensation point, which could perhaps suggest a higher photosynthetic yield in the presence of nitrogen or could still be the combined yield of photosynthesis and of light-inhibition of the remaining dark respiration.
To clarify this point, the light-response of 02 exchange was determined at low 02 concentrations. Table II shows that, under these conditions, the rate of dark 02 uptake in the absence of nitrogen was about one-third of that observed at high 02 tensions (Table I) . In this case, 02 exchange responded to light intensity in a linear fashion, only one slope being apparent. Addition of either nitrate or ammonium did not affect the rate of dark respiration nor the subsequent 02 exchange, the slope of the curve resulting practically unchanged (Table II) . These results indicate that when dark respiration is limited by 02 availability, inorganic nitrogen cannot exert any positive effect on the rate of this process and, in this case, no changes in the photosynthetic yield are observed.
Taken together, the data indicate that the effects of inorganic nitrogen on the 02 exchange versus light intensity curve at low light intensities are due to the stimulation of dark respiration induced by either nitrate or ammonium. This stimulation would presumably occur as long as respiration is still operative, that is, even at photon fluxes above the light compensation point, resulting in higher rates of net 02 uptake and lower rates of net 02 evolution near the light-compensation point. At higher light intensities, producing progressive inhibition of respiration, no depression of net 02 evolution was observed and, on the contrary, a stimulation in the presence of nitrate was apparent, in agreement with previous results at much higher light intensities (11) . These results Plant Physiol. Vol. 91, 1989 
